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$y’=f(y)$ , $y(t_{0})=y_{0}$ (1)
( ). , $t=to$ $y$
$t$ Taylor $y_{0}$ $f$ .
, Taylor , $P$
$O(p^{2})$ . , $y$ $p$ Taylor , $y_{0}$
$y^{<p>}(y_{0})$ .
, $t=t_{n}$ $y_{n}=y(t_{n})$ ,
$t=t_{n+1}=t_{n}+h$ $y_{n+1}=y(t_{n+1})$ $\Phi$ $[z_{n+1}]$
$\{\begin{array}{l}\Phi(\xi\cdot.h)=y^{<1>}(\xi)+hy^{<2>}(\xi)+\cdots+h^{p-1}y^{<p>}(\xi)[z_{n+1}]=h^{p+1}y^{<P+1>}(Y_{n})\end{array}$ (2)
:
$y_{n+1}\in y_{n}+h\Phi(y_{n};h)+[z_{n+1}]$ . (3)




$[y_{n}]$ , $t=t_{n+1}$ $[y_{n+1}]$
Taylor .
$t=t_{n}$ $[y_{n}]$ , $t=t_{n+1}$ $[y_{n+1}]$
:
$[y_{n+1}]$ $:=[y_{n}]+h\Phi([y_{n}];h)+[z_{n+1}]$ . (4)
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, (4) $[y_{n+1}]$ $[y_{n}]$
.
(4) .




$\hat{z}_{n+1}$ $[z_{n+1}]$ , $[A_{n}]$ $[r_{n}]$ $n$
matrizant .
matrizant $[A_{n}]$ Moore [4] Lohner [3]
. Moore ,
$\frac{dC}{dt}(t, \xi)=\frac{\partial f}{\partial y}C(t, \xi)$ , $C(t_{n}, \xi)=I$ ( $I.\cdot$ unit matrix, $\xi$ : ) (7)
$C(t, \xi)$ , matrizant $[A_{n}]$
$[A_{n}]$ $:=C(t_{n}+h, [y_{n}])$ (8)
. (7) 1 Taylor
matrizant $[A_{n}]$ . Lohner , matrizant $[A_{n}]$






: $h_{next}$ , $\hat{y}_{n}$ , $[r_{n}]$ .
: $h$ , $Y_{n}$ .
2 .
: $h$ , $p$ , $Y_{n}$ .
: $h$ , $p$ , $h_{n}$ $xt$ .
128
3 .
: $h$ , $p$ , K.
: $[z_{n+1}]$ .
4 matrizant .




: $h$ , $\hat{y}_{n}$ , $[r_{n}]$ ,
$[z_{n+1}]$ , matrizant $[A_{n}]$ .
: $\hat{y}_{n+1}$ , $[r_{n+1}]$ .
4
$[t_{n}, t_{n}+h]$ $y$ .
Cauchy-Peano .
1 [Cauchy-Peano ] $f$ $R^{n+1}$
$E$ $:=\{(t, y) : |t-t_{n}|\leq h, \Vert y-y_{n}\Vert\leq\rho\}$
. $f$ } $E$ :




[ ] . $\blacksquare$
. $\Vert\cdot\Vert$
$w_{i}$ :
$\Vert x\Vert=\max_{i}|w_{i}x_{i}|$ , $x\in R^{d}$ . (10)
$Y_{i\dot{m}t}$
$y_{0}$ , $w_{i}$ , $Y_{init}$
. , $[t_{n}, t_{n}+h]\cross Y_{injt}$ $f$ $W(f, Y_{init})$ $f(Y_{-t})$
:
$f(Y_{-t})\supseteq W(f, Y_{init})$ .
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$Y_{init}\supseteq y_{n}+[0, h]f(Y_{init})\supseteq y_{n}+[0, h]W(f, Y_{-t})$ (11)
, $\min(h, \rho/M)=h$ , $[t_{n}, t_{n}+h]\cdot\cross Y_{i_{I}\dot{u}t}$
. , $Y_{-t}$ .
. $Y_{j\dot{m}t}$ . $\overline{Y}_{init}$ $:=y_{n}+[0, h]f(Y_{-t})$
, $Y_{-t}\supseteq\overline{Y}_{init}$ . $[t_{n}, t_{n}+h]\cross Y_{i_{I1}it}$
, $Y_{n}$ $:=$ Y . $Y_{i\dot{m}t}$
Y- . $Y_{init}$ $\overline{Y}_{-t}$
$Y_{-t}\supseteq\overline{Y}_{i\dot{m}t}$ , $h$ 1/2
$\overline{Y}_{-t}$ .
,





1 $Y_{-t}$ $:=[y_{n}]+[-2h, 2h]f([y_{n}])$ ;
2 counter: $=0;Y_{tmp}=Y_{-t}$ ;
3 $\overline{Y}_{imit}$ $:=[y_{n}]+[0, h]f(Y_{i_{I1}it})$ ;
4 while $\overline{Y}_{init}\not\subset Y_{init}$ do
begin
5 $Y_{-t}$ $:=(1+0.1)Y_{-t}-0.1Y_{init}$ ;
6 $\overline{Y}_{-t}$ $:=[y_{n}]+[0, h]f(Y_{init})$ ;
if counter $<5$ then counter:$=counter+1$
else
begin
7 counter: $=0;h:=h/2;Y_{-t}$ $:=Y_{tmp}$ ;





5 12 . $Y_{n}$







$\text{ _{}q}^{q+1}width(y^{<q+1>}(Y_{n}))=\epsilon h_{q}$ . (13)
widt ([.]) $[\cdot]$ . $p$
PMAX $p_{\max}=p+1$ , PMAX $p_{\max}=p_{MAX}$ . ,
$q,$ $\text{ _{}q}(q=1, \ldots,p_{\max})$ $(i)h_{q}$ ; $(ii)h_{q}/q^{2}$
, $q$ $\min(h, h_{q})$
$p$
$h$ . $t$ , (i)
, (ii) . , $t$
$O(1/h)$ , 1 $p$ Taylor





1 for $q:=1$ until $p_{\max}$ do $h_{q}$ $:=( \frac{\epsilon}{width(y<q+1>(Y_{n}))})^{\frac{1}{q}}$ ;
2 (i) $p$ $:= \arg\max_{q}\{h_{q} : q=1,2, \ldots,p_{\max}\}$ ;
(ii) $p:= \arg\max_{q}\{h_{q}/q^{2} : q=1,2, \ldots , p_{\max}\}$ ;
3 $h_{next}$ $:=\text{ _{}p}$ ;
4 $h:= \min\{h, h_{next}\}$
end
$h$ $h_{next}$ .





$\xi$ , $C(t, \xi)$ :
$\frac{dC}{dt}(t,\xi)=\frac{\partial f}{\partial y}C(t,\xi)$ , $C(i_{n},\xi)=I$ . (15)
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$C(t_{n}+h, \xi)$ , (15) [$t_{n},$ $t_{n}+$ ] ,
matrizant $[A_{n}]$ .
(15) , 1 Taylor
.
$C(t_{n}+h, \xi)$ $=$ $I+h[ \frac{\partial f}{\partial y}C(t, \xi)]_{t=t_{n}+\theta h}$ ,
$\in$ $I+$ $[ \frac{\partial f}{\partial y}C(t, \xi)]_{t=[t_{n},t_{n}+h]}$ ,
$=$ $I+h \frac{\partial f}{\partial y}(y([t_{n}, t_{n}+h], \xi))C([t_{n}, t_{n}+h],\xi)$
, $C$ $[C_{init}]$ :
$C(t_{n}+h, [y_{n}|)\subseteq I+$ $\frac{\partial f}{\partial y}$ ( $y$ ( $[t_{n},t_{n}+$ ], $t_{n},$ $[y_{n}]$ )) $[C_{init}]$ . (16)




1 $[C_{init}]$ $:=I+$ [ $-2$ , $2h$ ] $\frac{\partial f}{\partial y}(Y_{n})$ ; counter $=0$ ;
2 $[\overline{C}_{init}]$ $:=I+[0, h] \frac{\partial f}{\partial y}(Y_{n})[C_{init}]$ ;
3 while [ $\overline{C}_{init}|\not\subset[C_{init}|$ do
begin
4 [Cinit] $:=(1+0.1)[C_{init}]-0.1[C_{init}|$ ;
5 [Cinit] $:=I+[0, h] \frac{\partial f}{\partial y}(Y_{n})[C_{-t}]$ ;
6 if counter $<20$ then counter:=counter+l
7 else program
end;
8 $[A_{n}]:=I+$ $\frac{\partial f}{\partial y}(Y_{n})[C_{-t}]$
end
3 7 while ,
.
$[t_{n}, t_{n}+h/m],[t_{n}+h/m, t_{n}+2h/m]$ ,
[$t_{n}+(m-1)$ /m, $t_{n}+h$ ] , ,
matrizant $n$ matrizant $[A_{n}]$ .
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Lohner matrizant $[A_{n}]$ :
$[A_{n}]$ $:=I+$ $\frac{\partial\Phi}{\partial\xi}([y_{n}];h)$ (17)
$\Phi$ $\partial\Phi([y_{n}];h)/\partial\xi$
, [3] . , $\Phi$ $p$ Taylor
$\frac{dC}{dt}(t, [y_{n}])=\frac{\partial f}{\partial y}C(t, [y_{n}])$, $C(t_{n}, [y_{n}])=I$ (18)
$C$ , $t=t_{n}$ $p$ Taylor .
$C$ $t=t_{n}$ Taylor . , $y$
$t=t_{n}$ Taylor , $C$ $p$ $p$
. $[y_{n}]$ . $\partial f/\partial y$
, $y$ $p$ $C$ $I$ , (18) $C$ Tay-
lor .
$[y_{n}]$ $C$ Taylor , $t=t_{n}$
Taylor $c<p>$ , $[y_{n}]$ $c<p>([y_{n}])$
.




1 $[y_{n}]$ , $y$ $p$ Taylor ;
2y Taylor , C p Taylor ;
3 $[A_{n}]$ $:=I+ \sum_{j=1}^{p}$ $j<j>$
end
7
$n$ $[z_{n+1}]$ matrizant $[A_{n}],n$








. $d$ $[r_{n}]$ $[A_{n}]$ $d$
. , $[A_{n}][r_{n}]$ $d$ ,
$d$ , $[A_{n}][r_{n}]$ .
(21) ,




(22) $n$ $[z_{i}]-\hat{z}_{i}$ $[A_{n+1,i}]$
1 . $[A_{n}]$ $0$ wrapping effect






$x(O)=0.19004,$ $y(O)=0.O,$ $u(O)=1.95,$ $v(O)=2.28$ (24)
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. , $(x, y)$
, , ,
1 , 1 ,
1 , . $G$ , $m$ $M$
, $Gm=3.0404\cross 10^{-6},$ $GM=9.5479\cross 10^{-4},$ $r=0.19,$ $\omega=12.0$
. , \phi =04835 .
10
. SUN Microsystems
SPARC Station, GNU $C++$ . IEEE
. , : (i)
$h$ ; (ii) $h/p^{2}$ . $\epsilon=10^{-10}$
. , :
(a) :
$[y_{n+1}]:=[y_{n}]+$ $\Phi([y_{n}];$ $)+[z_{n+1}]$ ; (25)
(b) Moore matrizant $[A_{n}]$ :
$\{\begin{array}{l}\tilde{y}_{n+1}=\tilde{y}_{n}+\text{ }\Phi(\tilde{y}_{n}.\cdot \text{ })+\tilde{z}_{n+1}[r_{n+1}]=[A_{n}][r_{n}]+[z_{n+1}]-\tilde{z}_{n+1}\cdot\end{array}$ (26)
$(b’)$ matrizant , matrizant $[A_{n}]$ Moore
, [$t_{n},$ $t_{n}+$ /2], $[t_{n}+h/2, t_{n}+h]$ 2 ,
$[A_{n}]$ ;
(c) matrizant (26) , matrizant $[A_{n}]$ Lohner
.
$(b’1)$ matrizant , matrizant $[A_{n}]$ $(b’)$
, $[r_{n+1}]$ :
$\{\begin{array}{l}[r_{n+1}]=\sum_{i=0}^{n+1}[A_{n+1,i}]([z_{i}]-\tilde{z}_{i})[A_{n+1,i}]=[A_{n}][A_{n,i}],i=0,\ldots,n,[A_{n,n}]=I\end{array}$ (27)
(c1) matrizant , matrizant $[A_{n}]$ Lohner
, $[r_{n+1}]$ (27) :
11















3, 4 (i), (ii)





CPU , $(\cdot, \cdot)$ CPU
. $(\alpha,\beta),$ $\alpha:p,$ $h$ ,
(a) 1 ,




. . $h$ 1
$y1$ , /2 2 $y2$ .
error $=|y1-y2|/h$ . error $\epsilon_{\max}$
1/2 . error $\epsilon_{m\dot{m}}$




. wrapping effect . $(b’)$ wrapping effect







(c) matrizant , matrizant
.
, 2 , Taylor
. Runge-Kutta 4 ,
$10^{-3}$ $\epsilon_{\max}=10^{-5}$ ,
(2.7+4.6) . Taylor (i,a)
(ii,a) . $(ii,a)$ ,
Runge-Kutta 40 . $\epsilon_{\max}=10^{-6}$ ( 5 )





, Runge-Kutta “ ” , “
‘’ Taylor . ,
(c1) ,
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